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±te lcd* V'^-jv t ±myt^* -y \fT w izmm $ ti. m i fet^ft ^ 

^ ft ^ o TSWt S * £ %%%^ -f i^f >f \zl «t o T R8f# $ 5 S ttilTt T- 2r# 

3. lEMDfc^, 

ft^-rfc^ ^t^> s^jt^-r tr^-ftt, S^te^** ^-fo^agjc 

4 . ±iEKtJMft @# *° y -v-tffi^jg^tffS*^ i fattest 



(3) <&m¥-9 - 5 0 6 9 8 4 

6. _tfEKtt<H3fr?-a s * PENic oPEN^?)*5l^5H^o^7Sr 

7. ±lEK#t<B3fe J ?-a s . PENicoPEN^45TOSl:/j:o^7S: 
fU PENicoPEN©I©#^7^, ^T'l)4 0 0nm^b8 0 0 n 

io. ±mmmmum^w-mmtmmmt^i^ mmm^mm(OE.^y°v 

l 2. _bfSH^ ^ y XAisnswi: 9 Oftte^LW >^ 7*5/ K7>^ 



(4) ^mW-9~ 5 0 6 9 8 4 



(Dm&t&SAs-v^Zo mm%t^7 7 74 v^m^x-mM-t^T'^ *7*u4n^ 
r^Tfii^Mj iPf(itiT^5 0 ^m^fttmr^ t.7°u4 (D--D<Dmmi±. 



V 

(5) 9-50698 4 

o L-Ti^oT, h£LC7**<( x-^Usflcmfia-tZk, xVt^WSt 

Ufa 

> b&ffi!&-tZ>mMi7 s Jxy'U^ (LCD) Tir^^y ir^^^^r \f"r^<DW^ 

M7tewzzmm^(DfEm&^irmmxhz> 0 

m 9 fitft w^^ate^ 4*7*^4 (DWtmmmmx h z> „ 

n i 3 nmm&jftyt^T^ w ©*wfr»rigia-cfc3. 



(6) #S¥9 - 5 0 6 9 8 4 

m 1 6 Rt5 1 7 njffi#f«s i.6o ©ffltiirt-e©— mi^mmnf^^M^nr 
in i 9, 2 0^2 i te—tfofflgmtitiyx^Mz&rtzmPimffimk z -js#t 

121 2 3 fit" tttt<©^J®#f:7>f /U-M^^-C y -JS#T^£r^;i5 r. <t (D^jJH^ 

0 2 6-3 1 fifcS 5 7-C«iJl:i3l^#S5 7^-«>3t^tttB«r^LTV^ 0 
HI 3 2~3 5fifeSM3t^0«J(-*5ftS#SiS3te^©^tt^Sr*UTV^5 o 

-tv^-/K RHMft^l 2. ^.T>^^^r^t^^ 2 4^|tL5o 

%M6 0 blsX$t£tl1t, T^fX-T'l^C 1 0^Atti~S«H©3tfi, LCD* 
v^-/H 6 ^ttijfft^l 2%mWK). mtt'f-/ 2 4 (75tet5c^lt® 3 7 
f^fc5 0 Ml 6 2(±, r(D^^fe^SttS3 7 "CSIt LTixttM^-?- 1 2 —ft 



V 

(7) mmW- 9-50698 4 

K&KiBfc^l 2<Djj^fafr\,\ M^lt® 3 7 ^iligi-So )ti6 2i6 4©il 
^Jfis M^fcW (a, b) ^>^^Mi-S7tSr^T*v^S„ 

[21 2 «C IEMt^ 1 8 % M 2 0 ^OTMBte^ 2 3 ^ftSZf L C D T 

•t^y 1 5 1 th^yt^'^ *y°^4 1 1 ©w^lt^So ^.(Dmmmm 

^^7t^:3 8^j;o-c^l-ci^o -w^^tt, r (a) j -ci^ns^i© 

<H3fe^fplSr«Fofc3tSriiL, mfttemitJifa (b) ^Woti^^m^RM-r 

J:5^K#t"f"5. Sltffi^tjift bv^^-ttiS^T% SttMTt^P^lT-^p^jR 
fc:«fc5:£«5fcfi#$frte:*i>fci^ „ r©i^Lfc^^)tt4 4 

TvtLTV^So S&HIBfeT-l 2^«toT^t+L7cM7fettli (b) ^W-T5>ttt, 
B&3W=* -r >f 2 4 A <9 , X*°-7h3 6S fctetfctfcSttS 3 9/i <if 

«fc5^ l^>f rtT*<M<Z)tiifc&}fe2C4 6 tiot^LTV^, 

£tc'>&Vn o )tf^t t'f^ 2 4 t SltS^f 1 2 Oil 

tem<Dfc&izwm (b) (a) ^^-rsa^^«^^^^-cv^ 

<5o 



5 

(8) ¥f-M¥-9 - 5 0 6 9 8 4 

It® 3 7£. LTc^f y 7J-4<^- hcD^gB^^ffiT-^T:^ 5' 

«fcoT*;*:IEfc:ifiSa£>b*LSo 
H3tt, iEMTtT-l 8 tti2 0^tpZl©LCD7tV/y 1 7 Sr^ix. 

t'T^f 2 4 lixl/^ h D^^>-fey^^/U2 1 ^ftxTV^o il^(7)^^^ h 
D;uUty^^2 9-e$ES£*u m-T-^^fcofc^ #^3t 

f-— (grainy) J "CS>5 0 L*>U ^MBt^ 1 2[aoTIofc^(l 3fc 

#t<0£#BjfcJ$— tt/j^^btb^o ^Lfc^^V^W 1 4tH:fe3V>T\ L 
CDTty^U 1 7(^ffiM7t^-^^:^TV^ 0 ^(Dft&f V 1 4^*5 

v^T, SltMfi 2(i, m2©3£^-7 = V*:7 9 i^ 1 1 ©^t^^ttfcWffi^Tfc; 

t-2 3 tmigtemm^xmm&te-to 



(9) fifS¥9-5 0 6 9 84 

baba-) t«$tit^5o mtmm&mcx, ^thh^nn r (a) j £ 
**** r (b) j <t = 5o ^(D-o<Dttnn, — «f^J¥bWL^$nr, 
v,x)&mdmt(Dm (ababa-) ©1^11, — <x> cf^titt^ 

frtTV^T (5:1), (HLJfrtfXtt (Y) J^fBoTfi, A^#t>*TWj^ (1 : 

(B) fffifi, ®#xm^<toT^K^?^^^e3^v^M^ (0tJx.fi n = 

1 . 6 4) ^^L-CV^So 

(a) TOfi, mwj:miz£^xmffimtimfrz¥?vk$:misX\,^ 0 MZ-t£. 

(A) Mi, MWJjfatZ^^XCD— 0(DJS#r^ (0"JxJ3:n = 

1. 8 8) t. W5fa\^^^X<Dm<Dm$X^ (#»JxJin = 1 . 6 4) St^TSo 

tfc^oX^ MWVk, &miZf£^fzttm<DX& (ABABA-) fcfc x 

^■|p]^oV^-Cfig^^^:#^ffiJf^©|| ( A n = 1 . 8 8- 1. 6 4 = 0. 24 

) ^Mt5„ — ^ «tfri^^*3v^Ttt, mmxmffimttKmzm— tit* (a 

n= 1 . 64-1. 64 = 0. 0) „ £ tl h ct «9 . ^/B<£>«IJ5#£* 

, $4 2 2^MLTIE#^^|^^^^nfcAlt^^M^^^3gii^S^ttii7fe^ 

tL"0^ 0 ^MBfc^l 2^P>^m-rS3tSr, m-L<Dfa%Jjfa (a) Lt^ 

SltfiTt^ l 2 ^igiiL&v^te, 85i;fr[R] (a) ^lil/iSfiM (b) 
SrtLTV>5. (b) SrWrS3tfi, Jffi*r^©H^ «fc o TSIttS 

rtt^So ^©riiaO, [2|4^$|i]2 5 t LT^Lfc, V\b»$>5 $4 
tfSJEafr&tiSo r©J:5tL-C, ^t+M^T- 1 2 fi, ig^axfciSBte (a) tKfi 

lii 

#?£L<^ Taj /K y ^Ul/-f-7? h (P EN) & <tf <£>if& a 1 ! SC 

7? y y^;^>l*°y x^r^T-fe <9 , bi^ tbj t7^jjy> ! 



(10) #S?9-5 0 6 9 8 4 

^M>ii:r^7^^iJfcli^ y y^^m<D^7i<V ^^jv ( c o PEN) 
"CfcS, PEN<Jr70^y^ 1/— h/30xl^y^ h©*^°y (c o P 

en) v 5 ^-— jvt Lxyy /is&tizmLxMWfatetfv ^^^mmtr v 

^f-C^t5wt^f#5 0 «6J£'C#S 2 0 4®<S5fc^fi % P E N t c o P 
EN£5 Uny h(DW&7*v yt^n&f&fc^'ik. 2mMte-^^?-7°7 4- J r 
~-&l$B&, (extrusion) CjS^Jtf fflfS I i: t <t otftS I i ^-(;^ 5 0 

■v/w^^W-V— tt, :©Sflf^»l:*5^t^"efc5. JfW^^fi. 1)295 

°CTlTofc 0 PENH 0. 5 0 d 1 /gCifM^tL, coPENIiO. 
6 0dl/g©|fttSSrf U^fc, PENW©}fttiM{i2 2. 5 1b/ 
hrt\ coPEN©Jf»(4l 6. 5 1 b/h r "Cfcofc. ^^tlt^a: 

^ttJ? 0 0 3 8^yfT% &ttfa^5 : 1 (D\kMX~ tftjgft $ *U 

(Dm<Dn\±. 5 5 0 nra©pMSS(^Lt, 1 / 2 fegcD^ff $ $ H 

EfCo SMSffil<E>JB£r$sfi % ^tt<7) c o P ENSfl5JB^£— §fc-r3(E>as£f3: L 

mx *) hM^^^m£&mirzm~tf:m*mf$irZ)^tfrx%z> 0 mm&jT-mte 

, ^(C^ofc/l (A, B) <Dyt^m$tfAtoft<Di$i&<D¥fr&mirm& (A + B 



(11) ^¥9-5 0 6 9 8 4 

1/2) fc£c<5 0 rro^c^iau, wffimmz.&v zmmwL&mmtfi 

£ 5 r tli«to-C#P)ix5. 0flx.fcf % (A+B = A/2) Sr 

ft5l©Il^>^3 7^ (AH- B = A ' /2) &Wt5l2 

Sfcfcte^SfcOS (ABAB-) @4-ett, ^t)-^i-< 

i: -r 5 & e> *$> z> & m t <d% &r m-r <t ? t-«^-r-< # -e $> -5 . 

fc, m^i-ioTfi, SMBt^-ft, -^^MW^tc—M(D^.(Dm (AB) 

df ^ f'x-f ©W^b-fttT^ai-rSo Lfci J ot, St+MTtT-P^-C^r (D«t 5 & 

ia* s "rt6t?*>«o 0 5(t j£$6IB©jftST©8 O%Srj6Sx.5SiStt*r^-t-i»0 3 

ffiFJ*R*tt*S:^ LTV^o ftiiSltt4©ilfe0tt*^W**-ejedS t) , 4 0 0 n 
68 0 0 nmtT«otV^ 0 

^7'Kl6 4^Ul^„ -tttbtt, ^-T^^W^E-v^— /H 4 2, 
i^5£^MSMBfc-7-l 1 0, M^tt'r^ 1 4 0T'fe5 o ^ 
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(12) #t?9-5 06 9 84 

o 

HMfLTV^ J; 5 f-. ^tfH&l£<£>fc#><£> 2o(DMCri s £>3 0 H 1 tt, TfcH 1 6 

ZZmgMELktmtt-l 1 OSHgigU T^^fcf^ l 4 0HAltt5. ^ 
^■tt'r^liMl 6 o\z.Jt*frm-rz> 0 t&2<D%M\^ %Ml 6 

'*-y9*7 4 hO^tt, ^^ft^JtM^^^ t?^ 1 4 OF^d^C 

ft£>36£8Sfc:M«#< , ^5 £J#itMSMBfeT- 1 l 0 h%&*r*r \f*r 4 l 4 

mmi 3 6 izmm&tiZo 

l fi«F3£<H3t©3tSr«JS««^ 13 6 fcSifi^SKttiHft^fcflsi 1 6 -e&5„ 
IB 2 ©xM > h tt«fM*£ 13 6 (Dlt#^^i6-5^*5t® 1 1 3 f$)5 0 



(13) t*¥9-5 0 6 9 84 

if© J; 9^^fi>t-t), Tt^^tt. 3iB©£*£Hi* £>f 1 0 0% 

rv^ 0 r.^fc^, i«i 3 6^m^mm^^^ayt^^ ho 
4 ocDRMmtwzzmmm^m^i 1 o^mj^^l-o^o 

M^WitSl 1 2^m^%^ (geometric optic) <t L«tS^\ IU#f 

^ot, mmmi 1 2i^5ffli^\ tb^w*v^«^«i 3 Q^^mm-r^ 

5 0 UE^-<fcj;9^> «it®WM2 1 8nW-mm2 2 0 <t#f3£E2 2 2 <b£iT 
lt^5o M^Jttfi^^T, «^®2 2 2«; > »£^7°!;XA^f 



(14) #S¥9-5 06 9 84 

©^^tt5t)©d^L, ffimmum2 1 8«, * o y*-^-M:-fc5i 
0 mmmttn2 1 8©fffl^Lt^5 0 in 8 n 2 ^^i^ 2 26^22 

t^S^SLTV^o «F^. i2 2 6lt fili£®2 2 2 <Dmmfc<DWMMm (li 
near extent) td^fT^ffi^^H^fpjSrlgj^ Lfcm^7fci^&^S£* L 

i^6 0 L/c^oT, W2 2 0{uj|^«t5Mit 0° i^L^t, HI 

2 3 2, 2 3 4^fiJ$ttTV^ 0 fiStejc 2 3 0 ilAS^St^ 7c S3t«[*5£ffi*t 
^21 8^Att-r^7)^ #it®2 2 2 ^JzoT^f£^rt#J~-^JH-U ¥if ffi 2 2 

0£?^iiilL-C, ^ttr^CSgAlttSo ¥itffi2 2 O^LT. fjl 
«2 3 2^fcf±2 3 4(iA5 i9^g-r^fcS7feI(±, m^-T^^K lM^*f 

<o 7t^2 3 6 7J^ *5Sffi*tJ|S|-2 1 8tSfc5t#tffi2 2 OOiil^LTS 
9. 9&©*Sae«rfc-t-*&-g\ »fi> «it®TO2 1 8^ig-TS<i:#icS^c 
M Lt 3 9 . 1 &©££«rfc-f- i 9 ^JS^fi-So *5M 2 2 2 £ , %M 

i±ftmmiJt-fZo mmm2 2 2<Dffimmz£ox, tuits 220 ©11 

3 5. 6f(D^^S:/it 0 



(15) #^?9-5 0 6 9 8 4 

)tl2 3 8lt ¥*#ffi2 2 0 tStUT, (cut off angle) fcj; 

. ^©^^{4/Jn^V\ ^2 3 8#:^Rfffi2 2 OOilt^Lt 1 OJgtD^ 
-C¥yfffi2 2 0«t5f^, -^tLfi, ffi2 2 0©I||i^Lt, -^(7>S 
^<bS*f#J--3 7. 7^<7}^-Cf|fit® 2 2 2 7)^Mttl-rSo 

^tt, «2 4 2fi, 2 2 2<7>-7°y X^©i2f^ KT"&< If? 

1 1M K^^^rtfliJ^tt^ J: ?/^ttfc^-C, ^2 3 8(Z5^^^i5 
V^S-T?¥?tffi2 2 (H-ifi^Ko *£^<t LT, ftiHte. ¥m®2 2 0©II}I^ 

MisXft¥*^^^^m^t^{&(Dftmtmz—mzt£z> 0 ^(Dmm^h^^^ 

J; 5f-, r'^^7°u^(Dm^tt^XjK$teftl£xr^xz?u4frhmiii Lfc?fcte 

oT, /^W^J^ t^^^Att^-C'¥rf®2 2 0^iloT«itffi#^f2 1 8 
i^Alti-57fett> ^y^y h^iyv' (input wedge) £ V h"&l£\y^T t> h 7° y 
hV^yi? (output wedge) ft^5it b J: 9 ^Att^l^ 

-C¥51tcg2 2 0^iioT«itffi#^l 8 KAat-T 5 SttbT^^^r 

ififl5tf^2 1 8 £T»i£^iifTU —mz. 1 (US £fii*o ^LT, 



(16) fg?9-5 0 6 9 84 

o 

zmmmRfttimyt^- 1 1 o^twrv^v^^rv^^-r 164© 

5fc<£l 4 7^^[:Mbt, (a) , (b) , (c) RXf ( 

d) (Dyt¥vtm&&-rz 0 yt<Dm^&xihz>, &m (b) <t (d) <d%\*^ 

X^U^^it^slsl 4 2©- gP^tH^c-TS 2 fet&RlDHHSte^ 1 5 OCio^ 
HX^tLSo (a) i: (c) 2 fettWSIi*^ 1 5 0 £riii! 

fc^ot, M (a) t (c) ©#3rSX-CV^, W (a) OJt(iS§tl4 
6<D^iifT-t-S^. ttfil (c) ©Jttt^^^lRl^iSfTUjfcV^ (b) <b ( 

^tt*r^fHj:ot #t*a $ *x£:3tea>*& 4 1 fc ft tf* % x V ^ 7° i^-T a* J&isS 
#14 6 icfcoT^frLS i#©^5$mt5. 

j: i 5 ^-r^Tc^^tg-r-So mi 5 4-c^L-rv^i^ 
©3t (fc^ (a) (d%) *k mzzm&mmftMtt-i 1 osrisiiHiB^iis, 

ro^tfi, 2fet«TOB£^l 5 O^iifft^^oTcjELV^^^WL, 1 
6 1t^U^5, La>U ttH (b) , (c) RXJ (d) OS»t)03ttt, 9! 5 
^liSlti^^l 1 0tj;oTSItumtt'f^I5 0 rtD^fi, 



(17) 4#S?¥9 - 5 0 6 9 8 4 

(a) , (b) , (c) &t>* (d) &mLxyt&**}? j r4frir>Km-t&o nm 

Lfc^ot, Tfe^l 6 0 6 1 ^J;oT^$tL7C7fec7)4(i, r^ti^j 

ckhi (a) ) &mz>zmmmR&tmy£?-i 1 o^iiii-rsTc*. mci 6 3t 

ttti (b) t (d) (D^^P^S^mii^SttMT-l lOCiotSWt 
STctf), rT< t>-f fr<DW 2 fetiTOiM^ 1 5 OfCtoTKJlX^tbSo ^©*£ 
^ 7^ ^T/Wj^blB^atS, Ml 6 3^J:oT^L7c3tft^, 5 2 

mi o ^ ^ w i 7 o^tfltv>s 0 ^©^tV^^m^^^ 

— jv\ 4 2(i, iffiii^i 4 9 t^mm%^-i 5 o^r^^idg^tLTt^^ h 

y^^l4 7?rtLT^5o noHJfi^lg^dSV^T, Tfc^fffigJl 1 1 3 ft, Stt 
0^**116^?), 5/^*1 7 1 ^ffiS"CfeixTV^5 0 ^>7^17 1(i 

. S£L<jfcvvRJB (a) (D«^^#+i-57c*^|^tt^tLrV^5 0 £©7^;* 
/Wl 7 0m^T, mtfr-f 14 0lt 7 3©tfC7> 

7'1 7 2^tt5^^^7-f hT*fcS 0 7>7"1 7 2 3&*6©3ttt7>r h Kl 

Kl 7 4^P)3tSrSb^W^§ltW-r^:4i)^, h ^igic^ldg-T 

mi itt. yt^mmmi 1 3&mnitffii 1 2^\ ^m^t-^ 1 1 6^i£ 
m^-i i omltv^o mmm^. %^^\^t^ i 4^ tV^w 



(18) #*?9-5 0 6 9 8 4 

tt^iav^s^ttM^^wi 1 6 £iii®-rsr itfc5 0 $6^su©i*v^ 

^v^V^^i/^t-M-r67t^i§?r^UTV^5o Iitill6 4li, @l2}:g|L 



(19) #1^9 - 5 0 6 9 8 4 

h 

% w s £ com x_ icmm-t s „ 

1 2W1 8 4^W-T-5 2 ocD^^ffiitJl 1 1 3M1 8 2 tfS, Sl^iS 

iu ^o^mi^^^m^ i i 6 tifigtti^o ;iie)©3o©xi.^ ^ 

K5£^itM^ttM^^M*l 1 0£r«j3feLT^5 o HI 1 3(:fcVT2o©3t^ 

1 6©T*t*$titV^5^, RltiH^ 1 1 6 
$r#^W<^ffl}&^&j^5*;&< , ft^flfitSl 1 2M1 8 2©B^TtE 

mi 1 o*©«iS®«is^D5. fBi^flSatm 8 2a>e>W33tef4 % ^2 

^MJg 1 1 3 ffl^MC <t * t> , -e<7)t#it® 11211 I8 2©i 

mmi 8 4 ittiS5ldl^$4^WLTV^5o 2o(D3t^«it®l 1 3M 

1 8 4©*ll3dS9 0S"CBBfBl$tfCV>5*^ 3t^fflfitJSl 8 2fiX, ZffiOll 

mi 4t^i-j:5^. i^s^iiissiti^i i of*, fliagffii i 2^w-r 



(20) 
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zyt^mmm 1 1 3 ^tit^So en ^ss^r, :^MHi3tts 
mi 4 izfjk 1, tzh<D<D£ ?f£-mnm&. sm^w. ^o^f^s, 

17 5, 0 3 O^^^X&^htlX^^ <£ 0 tei^m^^^XMUt LT^tg-T 

mi 4 i^Tjk ^tcjttmxmw&jteffi&m 11211, y v 114 m«t oxft* 
fuv^. y, zffitc*5v>T, #^yxAi 1 4 tz~i$ja=ftim<Dmmj&w.& 
»fflit^#^»^^-^^ii-c, -yy ^j^cDminmm&om&ikmft 1 2 0 

6t-7j^Lfci:b^W^V^^^l 3 6^$IJ|3g-rS(^^^^ LV^^i-Wf- WfflX 

oT. fHitffil 1 2£r<^9/B§§«:. tbg?^?*V^^«l 3 6 (HI6) 

mfaRZflEitit (DmJi<D%^is^ T A ^fAP^i-S tz. <t LXli £ tits; tffi 




(21) #3?*P9 - 5 0 6 9 8 4 

U<D#&<Dfr&<gtiinz> 0 / Afr v ) J $>-f<^-z>tifr, :©^ti±2octtf^ 

3§ T'SclH L fcffilS 1*1 5 fc * , Tfeitt j&T L 7 w /Kk tt fciffi x. < 

T «t V ^ <t t>3ifi? $ tt5 T*fc 6 0 

i-^TOJf:^©^^ /^A©ifee>»^)5^^ y^©3t^#*t (optics) &3*ffl-f~5 
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fc^CSW^I^f >f y ^ (mathematical building blocks) ft 

o 

Bft&fc&l^tt* 7— ^ • (north-holland) WoTl 9 8 7 m^Wff 

Ztltc* T — • - ^ • Tif A (R. M. A. Azzam) • • 

(N. M. Bashara) (^g^^C l";n ]) hi) — (Ellipsometry) t Mftl f-*5<^T 

1) n2z-n2of(nlz 2 -no 2 sin 2 0)-nlz-nlo/"(n2z 2 -no 2 sin 2 0) 
n2z-n2of (nlz 2 -no 2 sin 2 0 ) +nlz-nlof (n2z z -no z sin z 6> ) 

2 ) fCnlo 2 -no 2 sin 2 6 )-,T(n2o 2 -no 2 sin 2 6" ) 

r E „ = 

f (nlo 2 -no 2 sin 2 0 )+,<"(n2o 2 -no 2 sin 2 0) 

1 lAtS^iS^f^^^At-fcV^Ttt, n 1 x = n 1 y = n 1 o Xh *) , n2x = 
n 2 y = n 2 o T?fc5 0 

2ittt»^ilf^^xA(^o^T, ^gjfcl&t^tt:, 015|:/T?Lfc«t5C, 
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Ol^-C) a, n 1 o = n 1 x Xn 2 o = n 2 x 9 „ 2 ^*5V^T ( s M 

^fet'OV^T) fit, nlo=nlyt'n2o = n2ytfc5, y - z ffic^TfccDAt} 
tlL, ^e^l^^t (pMI^o^T) (i, nlo = nly-Cn2o = n 
2 ytfcO, j?U& t 2iZ*S\,^X (sM^-O^T) fi, n 1 o = n 1 x Xn 2 o 
= n 2 x X&>& 0 

^-f--<-r^L<, n x = n y = n z Xh5 0 nx, nyMnz©fMlm 

fttS^i (011*. fif 2Tt-^rRl(-^oT#(^-rr £) t?fc5 0 &m** v?<D2 
1 Wt£ , IE * fc H: A (O Z % h fr<D 1 ffi £ # L T V ^ § 0 

ie© i $A^@nftt(i, zmffimtmftmvtmj: ( nz >nx^ 

(n z <n xXt/n y) (:4C5„ 
2*!|j4*®*fttJ|Sftts 3 00«|^B8i-S®*T^SM*« (nx^ny^nz) 
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mffiiyxTJ* (Ml 



ittiIW4©-^^^^|j:n x = n y n z ^fc>5 0 Lfc^oT, 121 1 5 
<D&m 1 0 2 StJ* 1 0 4 #S 1 tott«Jffi$H4-e*>*Lfc£, n 1 x = n 1 y t> , n 
2 x = n 2 y X*hZ> 0 Z.<DmM(Dlt1b, ® 1 0 2 tfSjg 1 0 4 <fc 9 t>;fc#&ffif*3ffi 
#r^£#U Lfc^oT, x^fRlRt5y^rRl«>P5^"Cn 1 >n 2"Cfe5i:iK^-t- 
5„ 1 «WIi}ftt©#i^^fA©3t^^tt, n 1 zWn 2 z tfXg&SE 

a £ ss ct 5 m—m^-mfDRMm^ * & s <d izmm -rz>^k&x$z> 0 2 & 

. smyt^mLX. ^frtt^/W* (nx = ny = nz) (D&ffltj:M&(D*:tUz 
l^-t*$)§J;9(-W-*LT^5©T% ;61Sxt 1 W^^f^-ftLfcf J;V\ (So 
t t) t £-«/c46, 7^/i^A(D@ilf^^— ^^jt^#^i-6 0 nlx = nl = 
1. 75. nl2=«l£ n2x = n2y = l. 50, Lt n 2 z = "51^ t ~f 

*ttlf^iLt, no = l. 60if5„ 

01 6li, nlz3dSn2zJ:t) *>*:#l/^t> L< LV^§£* (n 1 z ^ n 2 



















a ) n 1 


z 


= 1 


. 7 5, 


n 2 


z 


= 1 . 


5 0 


b) n 1 


z 


= 1 


. 7 5, 


n 2 


z 


= 1 . 


5 7 


c ) n 1 


z 


= 1 


. 7 0, 


n 2 


z 


= 1 . 


6 0 


d ) n 1 


z 


= 1 


. 6 5, 


n 2 


z 


= 1 . 


6 0 


e) n 1 


z 


= 1 


.6 1, 


n 2 


z 


= 1 . 


6 0 


f ) n 1 


z 


= 1 


. 6 0 = 


n 2 


z 






n 1 z tf* 


n 


2 z 
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tf s *#<fc5o a ~e£>ft#lH ft&Kjzg <tE.££tl& 0 Ltf>U nlz = n 

(MfcDSttWs 1-^T©Attfcte:o^-t--j£-C*>3o ^SsUfi 
, (n2o-nlo)V(n2o + nlo) i^5, ^^btiLfcfi^t 
riTOS, n 1 z = n 2 z ©i^, -^jjUfi^ < , t^t©Alt 

11 711 nlztfSn2z«fct) fc/h^V^t L < tt^ bV ^*§-^<D Alt^^^^f 

tv^o ft^b~e(±, n z &£XT<Dm*(nm& t&m&co. pimy6(D^—*& 

b) n 1 z = 1 . 50, n 2 z = 1 . 60 

c) nlz = l. 55, n 2 z = 1 . 60 

d) n 1 z = 1 . 59, n 2 z = 1 . 60 

e) n 1 z = 1 . 60 = n2z 

nlz=n2z (A$e) <£>4§£\ ^ ^ — Sb*f4* < . I^T^A 

0i8ii mi 6rui 7 tmcx\ mtffmn o = i . o c^$o ©itoi 

^■OAlt^LTPS, 018©ftlll n2x = n2y = l. 50, n2z = 
1 . 6 0 <7}IE<7) 1 nlx = nly = l. 75 (D^(D 1 ttt5Mfi®$r*t 

^(D^— gE#H&fc*5tt3 pM%:^^^X7°v y Mfct^tfc!?, n 1 z<Dffi.Y± 

a ) 1 . 5 0 

b) 1 . 5 5 

c ) 1 . 5 9 

d) 1 . 6 0 
f ) 1 . 6 1 
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g) 1 • 6 5 

h) 1 . 7 0 
i ) 1 . 7 5 

&*5, Ml 6SO'l 7^joV^T^L/ci nlzin2z©t^-S:LT^ 
016, 1 7^(11 8(i, — J5<D7 4JVJ*<D z |ii5llf$W07>f;l'A0 

ffirtS^T^i: z«lJSJf*©W-e#«9#sa>«r©il^*r@ 19.2 1 ^ 

1211 6, 1 7&TJ*1 8 ^MbT_Laibfc^— ^^HI 1 9|:^LTV^. ##4 1 

wiH/j^^ni z) ^ti, um2itiE(Dmmtfrm »®wj:h 

g|l 6©lif x H|l 7<DlMe N Ifcttgl 8WftSdtMLt^5 0 

El 1 9 2 0 tt, VWttfc, 2t©7^/^©- ^T*S^ttT?*>5»^^IS 
oTW&^o 2o(D>r-^«, TOl $m^&X*ttP t 2&JE<D^mm>£%:^ 
-T 3 4§£- , * li , TO 2 #s i as^ SJrtt & § t? #> 5 

o 
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i^4C5 0 HI 1 9 — 2 1 t^$tL/t 30(D^r — ^©^^A^f feS ^ (D^r — 

Ant^oTiiAp-rs, ^^>^^^#)p a pfi, A##£tfSifMH]-rs £ t^*t«-5 

SOU 5S:#RgUT, 2«j^^^cDii:^2itttMia^^^^A^o^Tj^T 
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m& *°yv -to -c *> s &3i tt & v £ & t -c* $> 5 „ - ^ -eta w £ *l s 

^kiRfc1rZ) 0 o£ t) N n 1 x = 1 . 88, n 1 y = 1 . 64, nlz = ^1^, 
n2x=l. 65. n2y = Blf, n 2 z = BT|g"X?*>« 0 x ^I^^^Ir] t m 

g/i^CHtt, 2 Wrttjg® #r r- A 3 «> fc: ffl ^ 

. 8 8- 1. 6 5 = 0. 2 3 k\,^?jK%t£m$X^(Dm-$. s '{H5tt-H Lt^ft 
^v^lt^Sr^/c^-To pMtiLt, l^©^tt'©Slt«, n 1 z £ n 
2 zffi0r3s©3ifc;fcfr£;h,3o 

fai:Ayif©ffl^*3v^, mmhte&Mmyt^te, -r^Toxtoftm^&^x 
^xRmm^c^m^-. "tvx^mm^^i&Mxmte&m&n, u%=f-<o*to 

vM%\^mvx^t£EL$ftm*:^v, sm-yt^^^x^mmm^\ r 

®2 2fi, PEN/c o PENC8 OOi^^y^lio^t, ^Mf^lRjfC 
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A#+ffiSrW-rS pS*l:|t5 7 5° t©SW$ (-LOG [l-R] t LT7' 
n^/h) ^Ltt^o S#t3Sfi£, "5J^^^^ h^^f*(7)^ft (4 0 0-7 0 0 
nm) (DmWct LX7°v y V $^tV^ 0 ftiaiio^t, 5 5 0nmf©Hl 
n 1 y = 1 . 64, n 1 z = 1 . 52, n 2 y = 1 . 64, tLTn 
2z = l. 6 3T'fc5o iliLfc^^j/^oMll Eg#<D— $sfi<ZXTtf>l£ 
M&fiJS#jJ¥£iN& (simple lenear thickness grade) T\ ^-^T^S^j^^t- 

& ho ft 7 is <D&m&**%. bfrfCo 

[filiate, igi§# (yi) (iffiotpj^^^ h^f£<DS^$ti]TnSW<!: 

J t£WMkt£Z> 0 &%m(Dmj£-z:-n&(D)g&\,^M\<^t-t)mik Ll^S, LCD 

fefi, ^Vu— ^#(7)¥li-rn^^D5#M#^S(^lS^T^ (n 1 y2£t/n 2 
s aogP^JMo:^^^ 3 0 

tS^tHoV^, y @#r^<W— S^iAt^^ ir«^^i-<5 ^ct>^&><5 
0 n 1 z = 1 . 5 2 StX n 2 z = 1 . 63 ( A n z = 0 . 11) T\ J^T«^# 

a) n 1 y = n2y = l. 64 

b) n 1 y = 1 . 64, n 2 y = 1 . 62 
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c) n 1 y = 1 . 6 4, n 2 y = 1 . 66 

mMate. W$T$n 1 y i n 2 y U^©iilr$^Lt^5o $\U 
a (10° (D^#^*/J>(D^tt^^#L, 2 0° ZM^ZtMM^±¥i-LX\,^ 0 
llbtolNTil nly>n2yt, Stt^(i^ig{^^P LTV >3 0 licli 
, nly<n2yt\ 3 8° (D t ^ ^^Mm^M:^X\ J: (D^Ml^ LTV ^ 
So Sildiaot^^tlT^J:?}:, nly^n2y©sj|MU > f@ 
E^Stt^£L3 0 HI 2 3<7)$j|ia -df^ y-S^W-S (nly-n2 

y) comth^K W1±-tZ>zf/i'—^?~cDM:'HM<Dtz.isb^ z -mtfr^cD^— %c (n 

lz-n2z) LTfeS-<#T*>Sr i^LT^o nly = n2y©i 

$<t5^i^-c^§ o n 1 z^n 2 z t ^ LV HI 1 8 BS^tlA^, ^ 

*L^iMAttT-r<5 i: ^^^W^W-rn^S^^L, MtfrW— ^tt^ 
5 n 1 y = n 2 y&t/n 1 z=n 2 z) /ctf)^, ^j^fEMttfc&o T if 

Ay&^TtStt^L&V^ irSr^LTV^o 

-^Tfi^T{i^v\ t, L z $4<D®J/r^^^^(7)^.}-^ 0 rv^^^tLtt\ 

ffil*lJS#f^n lyin2y |:W^-p^|;/^t'3i)5 9o ftH<£>#iJ^ 
n 1 z - 1 . 5 6&tKn 2 z = 1 . 60 (A n z = 0. 04) irlH^LT. J^T 
©y®Jlf#< x a) nly = l. 64, n2y = l. 65 ; b) nly 

= 1. 64, n2y = l. 6 3 THI 2 4 5, h Lfc c c \±W)J5<Dtr — * 

<D sMfdO^TT&So y IS#fS?3OT— SC^)^^ z m^(D^~ gttffl Lft 

El 2 4<7>fMa ©^ttOTt\ 7 5° ©Alt^ T<D 8 0 0 M<D 7 4 J^J^CO^ ? 
y7(Dm-f3nCDRMmcQ$iWiM$:, HI 2 2 (D$hM bH^D y FLTV^S,, HI 2 2 

(c/Jn £ v ^-ftt(^st+^. l /c o t J: <9 /h $ ^^q^:fe^ 6 r t frffk £ nx v ^ 

60 5 5 0 n mTOEfelt b COmV&mtfr^&s n 1 y = 1 . 6 4, n 1 z = 1 . 5 
6, 
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n2y = l. 65, n2z = l. 6 0T*fc5, 
@2 5[1 pM^lio^t, i 1 5 (CiJ| LtP^ Lfclltf tl©Slt$*^ 

LfzmiJfm^, 2o©I»^-|S[A n z <t A n y ^x.7c 0 y h fi, A 

#t^&, 0° ^^7 5° iHXO 1 5^-TocD^fC(D^^-e(D/ 6 o<^7°n y Y (D 
W-i^iM^h^o ^tt#M±, 0. 4X1 0 _4 ©-^^T\ ^¥|5acD0. 4X1 
0" 4 /^b, (D4. 0Xl0- 4 tT'©ll-Cfc5o /o-y Mi, — o<D}fc^ 
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L^tm<£>^0ij£ Ltli, xf l/^t7? I— h (PEN) 
^yv- (0ijx.fi, 2, 6-, 1, 4-, 1, 5-, 2, 7-, &t*2, 3-P 
EN) , ^JJ7^l/yrU7^Wh (Witf, ^!/xfU>fl-7^U-h 

TffTrj vftfV x^-i"^. tf!)# — tf*—h. ] J * ? ? V h ( 

FiJxJi. *° y -y vrff-tv* $ $ y l — h , *°y/n t°A^ * ^ y k # y ^ 
x.HT, ^y zffji'T? y i^— b&o^y ^f^r^ y i^— h) N t^P-^ii 

fa (0tfx.fi, xf/i/t^p-^, irA-p— ^Ti?^-— K t^p-^/p W 

L->^ 0 y-v- (0ilx.fi, stfy^u:^ *° y ry"p t°i/y, ^y/fp-y, *?y^ 

R^Ti-'v s<^z/) , -7 vm^isy-*— (0iix.fi, 

^7^P7/^ari/fi v *"!)rf77^tpxf wy, 7y|ftxf 
-T^p t°l^>*fi-^f£, *°y 7 y^l^=JJ7^ &tJ**Ky ^ p d h y 7/^nx 

^» , ^b^ o y^- (#jxfi, ^y^bt'^y r'^Rif^])mt^^) , 
T—fflffi. X77. h--v— (0tfx.fi, ^y^yxy, ^y-fyyvy, xr***- 

7°U^) , RtttKy pl^VtfSfcSo L^fccpKfi, 0flx.fi, PEN© 

*tt^f* (0flxJi, 2, 6-. 1, 4-, 1, 5-, 2, 7-. SO*/^fcii2 

, 3 —-yy? y ^^TJ/^^^^/cfi^^^^^/ui , (a) ^i^y^it^fc 

fi^rO^^-r/K (b) /fy7^yuifffc(j:^x77/K (c) ^/ugg^fc 

{i^rc^^x/^, (d) r^y^yp-zK (e) y^pj^y^'y^^ 
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\ 

RU/~£tcte (g) ^D7^y^/^>t (0tJx.fi£, 

t£ s 7"U7?^m&tcte : t(D^X'r;Ub, (a) ^-^^ ]} >i?jj;U7$ >§gt§-1tt± 

-^cd^^tvk (b) ^ y7^/um^fz.^(D^.^/u, ( c ) 

-^(D^^tvk (d) T/i"frlsjfV — /K (e) v-^ pWV^U =i — /i^ ( 
#iJ;U;£\ is? P^^rf-^v^ $ J — jvV'Jr— JV) „ (f) /Vl^^v^/P:^^ 
, ~RXfi/%1t.\% (g) >'^7/^>^;Hy| ^^n^^rif^v? 

(bibenzoic) mRXf^^^^V =» — /UtfS *> 5 0 (7)jSf2 x 

fB?tT-»*§-^(-4#i-£?^ L^lWll^Wtii, PEN/coPEN, Ttfy 
zc^U^^ 1/7^ 1^— h (PET) /co-PEN, PEN/SPS, PET/ 
SPS. PENA-7T7 (Eastair) „ &U«P E T/'l'-^rT^^^S 
o r co -PENj it (_h#5Lfc) ^-7^ U ^i/tuls'tf^m&mz^ 

tc&m&fc^tctel&G-fc&mi'^, 4—^h-^^' tr%ti^'*^ 

ft©*^*^*?* LV>S©*a^t3*^tt % PET/x^7> (Ecdel) , 
PENA^fX PEN/SPS > PEN/THV, PEN/co-PET v 
WPET/SPS^Itl5„ r c o-PETj ft (±iEUfc) ^ 

£ 5 f-3iiR£;ft5 0 £ lH<£> M^(0^r—^X\ S<D#Sc«:io, 00 0 

W?£ L < fi) 2 , OOOiH /J>&v \ 
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U^i^ — (length orienter) £{£o Tt?lftfc<E>;fr|Rj^ % ^ S# — £f£ o TfB^T 
— 1 : 2-10 («fc t>£?£ L<fil : 3-7) fllftT-<D*§^ 

tc(i$f^Lv\ M<DM&iaz. —jj<Dmzf&oizmw&&i ■ 2-1 0 u^? 

£L<tel : 2-8, ftt)$?^b<fil : 3 — 7) <Dmm^X\ »2©tt^^o 
fcM#Wl : -0. 5-10 («fc L< fil : 1-7, L< tt 1 

: 3-6) (DmmfaXh&o 

* (J. polym. Sci) B#3 0:1321 (1992) X(Boese)ftH) fC|H 

m^tixi^) ^m&mmtt z o rift srit-ets. it^a 
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HK(i«^?>©t\ frhm»*^^h(D (R=l-T) {-^b 

PET : J- ^ r/^, 601 

-T>±T\ [W)0##(±J/J5c^Xg}cJ: <9^L/c 0 ifM^O. 6dl/g (6 0 
lf%C7xy — Oftyo©^^ n P-^^i?^) ©*°yxf 

h (pet) *~^<Dwmtimmfrh immK7 s^^K^MT^Lttsu 

v ^^x>9 9 6 6 ;* h^v • ^5;ft/^bA^^fg&S^M£^^ h 
-^-) {dl(7)#tti^^^ 1 6 5 K(DigS7?jf L-ft L/Co PET 

MJS^fflWCo 6 0 1 jg(D#Ltt} U#;^Mit-f-5 2 0(7)^/1/^^°^ -T-t — 
^il£*l<5 1 5 1 g£r^<9 ta-Tfcfe, 0R|H#fril 3 , 8 0 1, 4 2 9^f2i 
£ttT^<5J;5&) 7^-K7'oi/^ (feedblock) £fe£{£fflE7c 0 *H#f^F3 

,5 6 5, 9 8 5-^-te, \x^m£m$n\&m&<D^^^^4^~mm\\^x\^ 

So 1^210° F^^a^-C, ^J3. 6(D5i#**-Cft$ffifp] ( 

length orient) *frltz 0 7 A ie^T, ^2 3 5° FtC^5 0#^^S 

l^^Tt t)^6%(DfiJ^-C^4. 0<7)M{#«Tlf!^ft^M#£;ft7t o n 
(D7 4^^lt, 4 0 0° F^iry h $tL7ct- hir 5/ h^--7'V(D^75^ 

T\ ^(DM:^%<Dm 5 %5til|g £ frhfCo L/C 37 /I/AOj? $ & 2 . 5 5 /I^£> 

o7c c 

mm^m^x^^tz 0 6 0° (Mb) T'^ P (Dtoiiii^%f^ m.^x^ 

A?) , ^ • =— tK W v'a > (Mearl Corporation) CioTl 

3t$n/c miimmtmtL^fh^y ^ j^-u (in2 7#ps) ^ % pm^ihu 
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PET : zr. # rvK 151 

^f>±X\ ^jflfJ^IgCttlMLfc, mft#i&&0. 6dl/g (6 0 

h (PET) ^-o<7)|f Oi^W^ 1 B|f B 1iC 7 5 *V K©MT'ff LtH L 
% ^7=^9 9 6 6 (4— X ' ^ ^ t> /^frh A^mtef&vVm^? b 

-^—) m<DWliif&Mmfrh 1 BZffllZ 6 5 FfDmg-CW Lfcfi Lfc 0 PET 

tt, M®^fflwc 0 i 5 lm&ftv m-titib, yj-vyvvfm&mmistc 
7t c ^^-yuAtt. i 5° F^m 2U>iBi^$tL, ifj>mtc.ym2 

4 0 0° F^-fey h £*Lfc t— hir y ^f^<D^X\ ^©f 

2 8 il^Ltl^, 6 0° (D^S (EftUb) X<D p 

Sf^77 h L/tMAtt (Ala) -ewffiiriwj^-efcofe 

/^^MLfc 0 ^(Dm&m&m 2 9 lZ7jkLX\s^ (S^Alt©[IIa, 6 0^ 
PEN : ^ £ fvK 225 

TffrfcLfco g^Ttt^SO. 5dl/g (6 0ll%©7xy^/4 0lt% 
©v=7PP^yf 7) OTKy x-j-\s^-r7 9 h (PEN) &—^(DW&J&M 
1 ^rait 1 8 KCSSTfl Lffl L, ^7f>9 9 6 6 (-T — 

7tf>h'<DmmxW LtUL7c 0 PENH, ^BSStelJBl^fco 2 2 5l©jf 

urn Lmzmm-tz i^cd-^^^^^^—km^^ 5 7m*w r> m-f-tn^, 

7^- p-^ LTCo «**Lfc "7 ^ 7^*tt, 7)5 1 2 ^ /U7:\ #gd$ 

1 2 
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&X*ffiJ3\BUz.mmzMW-f 5 It <D'< > ? ? '7 7 5 W3£^38£#3£««r/B v ^ T 
2 fi^7 iRl^icllH] L/Co 7. 4 6 cm¥^©i)x^l 0 Ott'IMCD-j^ 

i 3o°ci:6oi»ibfc„ ^o^ N (^(D^-m^m^^^x) 

10 0 %/ s e c X'Mte U -^>-7Vu^^ 3 . 5X3. 5 iZfat£ L7c 0 mWik^ 

6 0«Sb) 0 p<B3t©3ifi^%Ji5, 6 0° <Dj$mX\ (VK.£A,fcft£v 
PEN: THV 5 0 0, 4 4 9 

x^j&Ltzo @*r*&£tfso. 53d i/ g (6 0ii%w7x;-^/4 0it 

%<7}v ? ;? n C7)tf?y ^J-Xs^-r-?*? h (PEN) £r— o<£># ffljjfc 

J&mfrh 1 B^f^S KcDM-Cff LttiU THV5 0 0 

n £ N W^^ttl^b 1 B#Ph1^ 1 1 ^ K(Dig^-e^f LtH L7c„ 

PENii *EJgfcfflV\ PEN©5 0%Sr2o©ijiigHfflv^ 0 4 4 9f© 
if bttj L^£M3£-r£ 2o©v;i/f7 7^t- S-ii^ttS 5 7 Ji «rf£ !> ffi 

1 2-f^^Tfco7c 0 ^(DW:. 7 -< ^J*<DlEJjft2%M$$:U)^, — ^ 

<£>fj£- IrI fd If] B# fclS§# -T S * (D y< is 9 7' 7 7 £r ^ 5 W3£ME# ^g^ffl 
^T2i^^]teiPlLfc 0 7. 4 6 c m?^C 7 x 7'^ 1 0 0 °C t*{Ep^(l a - 
xVi/^'U 1 4 0°Ct6 0»DiUfc o ^r^f^s (5t;<£>^li£^K^<^ 
T) 1 0 %/ s e c ^>7°/^m 3 . 5X3. 5 L7c 0 3£#& 

ni3itt, ^<D&m7j;uj*(D%$T&&&7r:^x\,^z>o ~(om&h, f&manm 
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PEN: Co PEN. 4 4 9-p-^7- 
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